Abstract. The design of products, services and spaces can influence what we think and do
Introduction
Sustainability can be defined as having a world "in which humans can survive without jeopardizing the continued survival of future generations of humans in a healthy environment" (BROWN et al., 1987, p. 717) . The original principle of sustainability grew from economic considerations, when humans faced serious environmental challenges. Sustainability today extends its focus from a challenge limited in space and time to become a worldwide and long-term problem (ZINK, 2008) . The challenges to promote sustainability are remarkable considering that the negative environmental consequences of human behaviours are difficult to visualize due to the geographical and temporal displacement of the effects (which may occur sometime in the future and in remote places on the planet). More recently, sustainability gained momentum thanks to Non-Governmental Organizations and increased awareness of consequences of resources usage. It encompasses issues such as trade justice, anti-globalization, activism, need for more legislation and corporate social responsibility LOFTHOUSE, 2007) . However, given the scale of the problem, achieving sustainability seems a daunting task.
Difficulties are found in individual, societal and global scales in the attempt to tackle a problem that humans themselves caused. These challenges indicate the need for the development of innovative strategies, even if small scale, domain-specific, to somehow reduce the impact that humans cause in the environment. In Brazil, the south-eastern region experienced severe droughts in the years of 2014 (NOBRE et al., 2016 . This issue motivated a range of strategies to try to contain consumption, from public policy, prices or user-led initiatives. Similarly to other natural resources such as air quality or global temperatures, people need to find ways to preserve fresh water supply to achieve a sustainable future.
In the attempt to reduce impacts in the environment, there are two main actions that can be performed, namely changing the infrastructure or changing behaviours (ATTARI et al., 2010) . To change the infrastructure, for example replacing appliance with modern, more efficient ones, can be an easy fix for some situations. Modern products can be more sustainable, especially if designed considering their whole life cycle (PEREIRA; SOARES, 2016) . In some cases, owning efficient appliances or living in energy efficient homes is not a guarantee of efficiency (GILL et al., 2010) , and there are diverse challenges to the introduction of new technologies (OLIVEIRA et al., 2015) . Studies have demonstrated that user behaviours vary enormously, indicating that there is scope for reduction in consumption exclusively through behaviour change (OLIVEIRA; MITCHELL; BADNI, 2012). One study on washing up methods showed that people behave in diverse ways, and on average use more detergent, water, energy and time than a regular dishwasher, and the plates are usually less clean when people do the dishes by hand (BERKHOLZ et al., 2010) . But when a set of 'best practice tips' were given to consumers as instructions, they "used around 60% less water, 70% less energy and 30% less detergent compared with the average everyday behaviour the other subjects used. Additionally, they achieved a slightly better cleaning result" (FUSS et al., 2011) . Cultural differences showed to be an important factor on user behaviours for dish washing, influencing water and detergent usage (ELIZONDO; LOFTHOUSE; BHAMRA, 2011). Laundry and dish washing energy use was reported to be highly influenced by lifestyles, and "results show a variation of a factor of five between a more sustainable and a more careless behaviour" (STAMMINGER, 2011) .
In the example of water consumption, it is possible to replace the taps so there is less water flow, or we can implement strategies that make people use less water. These strategies may be grouped under the umbrella of Design for Sustainable Behaviour, a field dedicated to the study of ways to make people think and do things that protect the environment (BHAMRA; LILLEY; TANG, 2011) . Interventions are frequently used to promote sustainable behaviour, using different methods and having different levels of success (ABRAHAMSE et al., 2005; UITDENBOGERD et al., 2007) . Previous research demonstrated examples of strategies to reduce water consumption. One shower equipped with LEDs made the quantity of water consumed progressively visible (KAPPEL; GRECHENIG, 2009) and a sink tap add-on allowed the visualization of water consumption and comparison with other users (ARROYO; BONANNI; SELKER, 2005) . Another example added a method do visualise how long each housemate spend in the shower to foster competition (LASCHKE et al., 2011) . On a comprehensive study, Froehlich et al. (2012) tested diverse visualisations of water consumption, documenting household activities in order to motivate savings in a domestic setting.
These examples illustrate a number of methods trying to persuade people to use less water. It is common to associate persuasion and rhetoric with psychologists, lawyers and marketers. However, designers and architects can also embed persuasion in the products, services or spaces that they are developing. Persuasion is often presented via electronic devices such as computers and smartphones, in a recent field named Persuasive Technology (FOGG, 2003; OINAS-KUKKONEN, 2013) . Persuasive strategies can be used to promote a wide range of activities such as cycling and walking to work (ROSS et al., 2015) , healthily eating (KAPTEIN et al., 2012) STANTON, 2011) with patterns for influencing user behaviour through design in different categories, for example the architecture lens (influences user behaviour through the design of the environment), errorproofing (eliminating or reducing the chances of user making errors) and the cognitive lens (for situation where users make poor decisions, the design of the system can help indicating better choices). The cards contain enticing questions, descriptions and images of relevant examples of behaviour change strategies ( Figure 2 ). Bhamra et al. (2011) describe a scale for classifying interventions that promote sustainable behaviour (Figure 1 ), which became known as the "Loughborough method" (NIEDDERER et al., 2014) . This scale indicates the balance between power and control in the user-product relationship. On the first levels, the user is provided with choice and information in order to reflect upon resources consumption and behave in a sustainable way. With this principle the user has a relative freedom to perform otherwise. On the other side of the spectrum there are the eco-technological interventions and clever designs, when the product or service often acts automatically to save resources, without requiring much change in behaviours.
As can be seen from the literature, there are numerous design principles and patterns available to be implemented during behaviour change intervention projects. It suggests that a rigorous process of identifying the adequate ones that matches the behaviours in question should take place. The design of behaviour change interventions should consider a range of issues such as the potential for impact on the problem, the consequences, costs and complexity to implement (BOOTH, 1996) . Furthermore, attempting to change people's behaviours should be made with care, given that having control over individuals and limiting user freedom via an intervention raises ethical concerns (PETTERSEN; BOKS, 2008).
Methodology
The current paper presents results from workshops that took place in a large university in Brazil. From a range of possible user research methods that could help the design for sustainable behaviour (DAAE; BOKS, 2015), workshops were chosen due to the possibility for combining learning and idea generation (GOODMAN; KUNIAVSKY; MOED, 2012). The participants were 35 students from Design (28) and Architecture (7). The content of the workshops introduced and explored Design for Sustainable Behaviour and Persuasive Technology to undergraduate students.
The activities involved two-day workshops for each of the courses. The first day of workshops consisted of the introduction of themes, divided in two sessions:
• The second day of workshops included more hands-on activities, divided in three sessions:
• Classification of examples: Participants were asked to bring examples of their real life that fit into specific categories of behaviour change strategies. Students presented their selected examples to the group. • Problem solving: One specific real-life problem was presented, and participants were asked to provide design solutions to change specific behaviours. All students were given the short briefing: to 'motivate people to save water'.
• Creativity workshop (Figure 3 ): Students were prompted to generate design solutions (Figure 4 ), which were presented orally at the end of the event. Participants from Architecture worked individually and from Design worked in small groups from four to six members.
The creativity workshop was instigated by the use of the Design with Intent Cards (LOCKTON; HARRISON; STANTON, 2010), translated to Portuguese, available online 1 . The content used during this workshop was produced exclusively to this purpose and kept freely available. For most of the material, this was the first time they were published in Portuguese, which benefited the students and broader community. 
Results
The outcomes from the creativity workshops comprised 14 proposals for reducing water consumption. The students presented these orally to the groups at the end of each series of workshops, when we took note of the details, commented on the strategies and asked questions. TANG, 2011) . It is important to notice that the majority of the design proposals combined more than one domain and more than one strategy, resulting in 33 individual behaviour change techniques suggested. The students presented an interesting range of projects to tackle the problem of water scarcity in Brazil. The domains of use varied from small, localised points of consumption such as taps or showers, to household-wide water use management (Table 1) . Only one project proposed as target of the intervention large-scale scenarios such as the agribusiness and factories. According to a classification of proposals into the different lens of the Design with Intent method (  Table 2) , the two categories with most suggestions were 'Interaction' and 'Ludic'. Interaction interventions include some core patterns of human-computer interaction such as feedback, progress bars other representations of consumption. Students indicated the need to convey the use of water to users so they can realise the impact of their behaviour and hopefully act on that. Ludic elements are generally derived from games such as goal setting, challenges, targets, scores and rewards. Students suggested interventions where users would have a set target for water consumption. They could compete with peers and receive prizes for adequate behaviour. The next most frequent strategy proposed was errorproofing, indicating the need to avoid certain behaviours, which are considered 'errors'. These strategies usually "make it easier for users to work without making errors, or by making errors impossible in the first place" (LOCKTON; HARRISON; STANTON, 2010) . Students proposed frequently the use of 'portions' of water, pre-defining the ideal volume to be used by each activity, therefore minimising the chances of waste. Four strategies included security to promote sustainable behaviours, making use of the Internet to share information about consumption where users control each other's behaviours. This control was proposed in different levels, from 'peerveillance', where users on the same level watch their peers, to 'sousveillance', where common people are given the ability to observe and monitor the behaviour of large consumers of water such as the agribusiness and factories. If these businesses know that they are being observed, they may be more cautious with the amount of water used to avoid negative public opinion. Two projects included Machiavellian elements to their intervention, both to degrade the performance in case of unsustainable behaviour. In one case the shower would get colder with time, and in the other the music will become faster to force the user to accelerate the washing up. Only one intervention included the Perceptual lens, suggesting a way to physically visualise the water dedicated to specific tasks and therefore increase awareness of usage. Likewise, only This group proposed that a representation of a tree would grow and bloom if the user saved water, motivating attachment to the virtual object. A large number of projects contained, indirectly, Architectural aspects, but not as a salient strategy, for example 'positioning', when screens and displays were positioned right at the location of consumption, for example in the in the shower or in front of the taps. Other common architectural strategy used in the background was the 'simplicity', when the system makes it easier for users to do something, for example when it calculates the local tariff to give the exact price of the current activity. The interventions proposed by the students were classified in six of the seven levels on the Design for Sustainable Behaviour scale (Table 3 ). The vast majority fell under 'eco-feedback' and 'eco-spur'. With ecofeedback the design of the product or service informs users about what they are doing, and it helps them to make environmentally and socially responsible decisions via some sort of feedback. "The product provides tangible aural, visual, or tactile signs as reminders to inform users of resource use" (BHAMRA; LILLEY; TANG, 2011, p. 431) . In this category are all the graphs, progress bars and representations of consumption proposed by the students. Eco-spur is defined as a design that inspires users via rewards to motivate good behaviour or penalties that punishes unsustainable usage. Examples of rewards include prizes and discounts, and a few punishments were also suggested by the students, such as sound warnings, music playing increasingly faster (and consequently unpleasant) or the water of a shower becoming gradually colder. Eco-steer was proposed four times via the provision of affordances and constraints embedded in the product. The suggested interventions defined the amount of water to be used in each session, therefore prescribing the adequate amount of water to be consumed. Three interventions proposed the use of eco-technical designs, when the product contains technological systems that persuade or control behaviours. Only one suggested system was classified under clever design, when the product or system automatically acts environmentally, without the awareness of the user, and without the need of behaviour change, and acting "purely through innovative product design" (BHAMRA; LILLEY; TANG, 2011, p. 431). The proposed design solution included the use of tanks to store rainwater and wastewater from taps and showers, which could be then reutilised. The only omission according to the Design for Sustainable Behaviour model was the 'ecochoice', when the product or system encourages consumers to reflect and to take responsibility of their behaviours via options and choices. The designs proposed by the students were generally 'scripted' (JELSMA; KNOT, 2002) : users had certain specific sustainable behaviour to perform and no alternatives were suggested.
Conclusion
The workshops and the idea generation sessions reported here turned out to be remarkably fruitful in the attempt to develop interventions to promote sustainable behaviours. In the end there were 14 projects comprised of 33 strategies that could motivate people to use less water. These strategies could certainly contribute to the need to reduce water consumption in Brazil, a problem that became particularly emphasised in recent years.
A few limitations need to be considered as part of the conclusions presented here. Firstly, most of the students were not previously familiar with the definitions and classifications of strategies to change behaviour. The contents used during the workshops were delivered in a few hours and over the course of two days, therefore not enough time for immersing in the concepts for a thorough development process. The teaching of sustainable design is still in its infancy in Brazil, especially if compared with developed countries, where the design for sustainable behaviour is at the core of the curriculum and define the structure of courses. The activities performed in our twoday workshops in Brazil are generally part of semesterlong assignments in Norway (ZACHRISSON; BOKS, 2013). With more time, the proposed interventions could have had a higher variety of strategies, or apply to situations with higher impact on water consumption. From the 101 possible design strategies listed by Lockton (2011) , only 15 were proposed by the students among the 32 strategies suggested. Also, most of the domains of water use were at an individual or local/residential level. Nevertheless, it was an interesting exercise to see the dedication of the students in producing and presenting their ideas in such a short time. Future work could expand these activities and embed them into the existing curricula. Also, it would be interesting to develop ideas to tackle problems in other domains, such as to reduce domestic electricity use, promote healthily behaviours or motivate sustainable and active transport methods instead of driving cars.
The workshops presented here were the first opportunity for some of the students to get in contact with a number of behaviour change techniques. The Design and Architecture students have an important role in society when creating the products, services, systems and spaces that can shape what we think and do. Once we know these tools, we are better positioned to use them, and prepared to develop interventions to target the complex sustainable challenges faced by humankind.
